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The GATA-3 gene is expressed during human kidney embryogenesis.
GATA-3 is a transcription factor involved in the differentiation of T
lymphocytes and additionally expressed in several chicken and mouse
embryonic tissues. Using in situ hybridization, we found that the human
GATA-3 gene is selectively expressed in the developing kidney. GATA-3
mRNA is first detected in the Wolffian duct from the time of its
emergence in the embryonic intermediate mesoderm and further ex-
pressed in the collecting ducts of the mesonephros until its involution. In
the metanephros, GATA-3 is expressed in the ureteric bud where it is
constitutively transcribed, throughout development, along the branching
process that gives rise to the whole collecting system of the definitive
kidney. Besides the Wolffian duct and derivatives, we also report the
expression of GATA-3 gene in the glomerular mesangium and adjacent
endocapillary cells, in both meso- and metanephros. This early and specific
expression of the GATA-3 gene suggests a role for this transcription factor
in the differentiation of the human kidney.
The urinary system develops in early embryonic life from the
intermediate mesoderm, adjacent to the somites, along a three-
stage, rostro-caudal sequence. The pronephros, non-functional in
higher vertebrates, and the transiently operative mesonephros
develop respectively at the cervical and thoracic levels. The
metanephros, that is, the presumptive adult kidney, is finally
formed in the lumbosacral region. Metanephros differentiation
depends upon reciprocal interactions between the ureteric bud, a
caudal evagination from the Woiffian duct, and the adjacent
metanephric blastema. These two structures are involved in
kidney morphogenesis and give rise, respectively, to the ureters
and collecting network and to the nephrons of the adult kidney
[reviewed in 1]. The molecular mechanisms that trigger kidney
maturation are still unclear although several known transcription
and growth factors are locally expressed during this differentiation
process [reviewed in 2—4].
GATA-3 belongs to a family of transcription factors that
contain two zinc fingers which bind WGATAR sequences (W
AlT; R A!G). Each protein of the GATA family has a distinct
tissue distribution and developmental profile, suggesting that they
play separate roles during embryogenesis. GATA-i and -2 are
expressed in cells of the hematopoietic system and a major role
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for these genes in its differentiation has been suggested from
targeted disruptions in the mouse. In both "gene knock-out"
experiments, homozygous embryos died of impaired hematopoi-
esis [5, 6]. GATA-4 might be implicated in heart morphogenesis
since it is expressed in precardiac structures in the early mouse
embryo [7].
The GATA-3 gene has been isolated in the chicken, mouse and
human and is thought to be involved in the differentiation of T
lymphocytes by activating genes for T-ceIl receptors [8—12] and
the CD8cs chain [13]. Despite its restricted expression in the T cell
lineage of the adult, GATA-3 is also expressed during chicken and
murine embryonic development in the central and peripheral
nervous systems, thymus, liver, kidney, adrenal gland and mouse
placenta [14—17]. Its role in embryonic differentiation is still
unknown since no target genes have yet been identified outside
those coding for T lymphocyte-specific molecules, and for the
human placental gonadotropin a subunit [18]. To date, our
knowledge concerning the expression of the human GATA-3 gene
relies on studies of established cell lines only. in an attempt to
define the expression of the human GATA-3 (hGATA-3) tran-
scription factor in embryonic development, we have observed its
specific transcription during kidney differentiation. We show in
this report that hGATA-3 is expressed specifically in the whole
collecting network of both the mesonephros and metanephros,
from the time of emergence of the Wolifian duct. In addition,
hGATA-3 message is found in the mesangial and, possibly,
adjacent endocapillary cells in the differentiated glomeruli of
these two nephric structures. The observed temporal and spatial
pattern of expression supports the idea that hGATA-3 plays a role
in kidney morphogenesis.
Methods
Human embryos and fetuses
The study was conducted on human embryos and fetuses of
both sexes ranging from 4 to 32 weeks of development (post-
conception). Embryos and young fetuses (<10 weeks) were
collected from medical abortions performed in compliance with
the current French legislation. Older fetuses were autopsied for
pathological evaluation, under the informed consent from the two
parents. Embryos up to 10 weeks of gestation were collected
under sterile conditions in the operating room, immediately after
abortion and kept in cold PBS prior to fixation that was performed
in the following hours. In the case of later kidney rudiments
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obtained at autopsy from fetuses which were slightly longer dead,
only those harvested from fetuses exhibiting high cell viability in
thymus and liver cell suspensions were further processed for in
situ hybridization. Reproducible hybridization signals were ob-
tained by using that procedure, thus attesting the quality of
embryonic tissues and RNA.
In situ hybridization
The procedures applied for section processing, hybridization
and washing were those of Wakamatsu and Kondoh [19], slightly
modified.
Riboprobe synthesis. Radiolabeled hGATA-3 antisense and
sense riboprobes were prepared by in vitro transcription from the
flanking T7 or SP6 promoters of a linearized pGEM-3z plasmid
(Promega) containing the coding sequence of the hGATA-3
cDNA 5' to the zinc fingers [9]. Transcripts were synthetized using
a commercially available kit (Promega) and 35S UTP (800 Ci!
mmol; 1 Ci = 37 GBq; Amersham) following the instructions of
the manufacturer. The RNA probes were DNAse-treated (1 unit)
immediately after the RNA polymerase reaction and partially
hydrolyzed to yield an average length of 150 nucleotides, by
adding two volumes of a 10 mrvi DTF, 80 mrvi NaHCO3, 120 mM
Na2CO3 solution for 40 minutes at 60°C. After neutralization with
an equal volume of 200 m sodium acetate, 1% vol!vol glacial
acetic acid, 10 m'vi DYF, probes were purified on G50 columns
(Pharmacia) equilibrated with 10 mrvi Tris-HC1 buffer pH 7.5, 5
mM EDTA, 0.1% SDS, 10 mivi DTI' followed by precipitation with
2.5 vol EtOH in 0.3 M KC1.
Hybridization on tissue sections. Whole embryos and organs
were fixed in 4% paraformaldehyde or Carnoy's solution (60%
ethanol, 30% chloroform, 10% acetic acid), embedded in paraffin
and 5 to 7 jxm sections were made. Prior to hybridization, slides
were deparaffinized and treated with proteinase K (1 jxg!ml in 100
mM Tris pH 8.0, 50 mrvi EDTA). After washing in PBS, sections
were refixed in 4% paraformaldehyde and treated with trieth-
anolamine (1.5% vol!vol) plus acetic anhydride (0.25% vol!vol)
and HC1 (0.25% vol!vol) before dehydration. Incubation with the
labeled sense or anti-sense riboprobes (2.106 cpm!slide) was
performed overnight at 52°C, in 2 x SSC, 50% formamide, 1 X
Denhardt's solution, 10 mrvi DTT, 10 mivi EDTA, 10% dextran
sulfate, 500 xg!ml yeast tRNA and 500 jxg!ml salmon sperm DNA.
Washings were done in 5 X SSC, 10 mrvi DII for 30 minutes at
50°C and 2 X SSC, 50% formamide, 10 mM DII for 20 minutes
at 65°C prior to treatment with ribonuclease A (10 xg!ml) for 15
minutes at 37°C. Slides were then washed successively for 20
minutes at 65°C in 2 x SSC, 50% formamide, 10 mM DII, 10
minutes in 2 X SSC at 37°C, and 10 minutes in 0.1 X SSC at 37°C
before dehydration with graded ethanol containing 300 mM
ammonium acetate. For autoradiography, slides were coated with
NTB2 film emulsion (Kodak) and kept under dessicant at 4°C for
three to five weeks. After development sections were counter-
stained with Gill's hematoxylin, observed and photographed on a
Optiphot-2 microscope (Nikon). Labeled cells were further iden-
tified on adjacent sections colored with the Masson trichrome
stain [201
Results
Expression of the hGATA-3 gene during human embryonic and
fetal kidney development was investigated by RNA in situ hybrid-
ization on sections of 4- to 5-week-old whole embryos, 6- to
8-week-old mesonephros and 6- to 32-week-old metanephros. In
the latter case, the study was carried out on an average of three
samples at each stage, at three week intervals.
Expression of hGATA-3 in the mesonephros
As illustrated in Figure 1, a hybridization signal was already
observed in the pair of Woiffian ducts, lateral to the differentiating
mesonephric tubules in the thoracic region of a 24- to 26-day-old
embryo (Fig. 1 B, C). The same specific labeling of the Wolffian
duct was found four to six developmental days later in the
thoraco-lumbar region of a 6 mm-long embryo (Fig. 1 D—F).
Later, at 6.5 weeks of gestation, the mesonephros had differenti-
ated into functional secretory units and hGATA-3 gene expres-
sion was detected in derivatives of the Wolffian duct (Fig. 2 A, B).
Additional labeling was observed at that stage within the meso-
nephric glomerule. Histological examination of adjacent sections
revealed that labeled cells are mesangial, that is, pericyte-like
cells. However, with respect to the low level of cellular resolution
attained with in situ hybridization, the possibility that adjacent
capillary endothelial cells were also labeled cannot be excluded
(Fig. 2C). No signal was detected when the sections were treated
with the sense probe (Fig. 1G and not shown).
The mesonephric tubules differentiate along a cranio-caudal
succession, then the more anterior ones regress while the caudal
units are still differentiating. As evidenced in Figure 2 D to F, only
faint labeling (when compared to that observed in the metane-
phros of the same embryo; Fig. 3 A, B) was observed in the
mesonephric duct of a 7-week-old embryo at a level where
mesonephric tubules will involute and fuse with the gonad pri-
mordium.
Expression of hGA TA-3 in the metanephros
This study started at seven gestational weeks. At that stage the
ureteric bud which has sprouted from the distal portion of the
Wolffian duct has penetrated into the metanephric blastema, but
little branching has yet occurred and the metanephric mesen-
chyme is still undifferentiated. Intense labeling was apparent in
the ureteric duct and in the growing tips that exhibit the typical
aspect of bifurcating ampullas when they contact the surrounding
blastemic cap (Fig. 3 A, B). Later in development, when the
kidney becomes divided into an outer cortex containing early
developing nephrons at the periphery and well differentiated ones
close to the center, and an inner medulla that includes Henle's
loops and collecting ducts, hGATA-3 expression remained high in
the whole collecting duct system in both regions (Fig. 3 C—F). The
unambiguous identification of hGATA-3-expressing cells as col-
lecting duct epithelial cells was based on morphological criteria,
evaluated on Masson trichrome-stained adjacent sections (not
shown). Typical of collecting duct epithelium, hGATA-3-positive
cells in the cortex were non-ciliated, cuboidal and contained a pale
cytoplasm [211; they were often higher in the medulla where duct
diameter was larger. In contrast, no significant hGATA-3 expres-
sion was detected in the typical flattened epithelial cells that line
Henle's loops [21].
Identical stainings have been observed in all the samples
analyzed until the 32nd week of gestation, which was the latest
embryonic stage available for the study (not shown). In addition
and as seen above in the mesonephros, the mature glomerulus of
the metanephros was also labeled at the level of mesangial and
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Fig. 1. Expression of the hGATA-3 gene in 24- and 30-day-old embryos. A. Whole 24-day-old embiyo. Magnification, 20X. B. 120X brightfield
photomicrograph of a transverse section in the thoracic region of A. A strong hybridization signal is apparent in the pair of Wolffian ducts (arrows)
whereas the intermediate mesoderm and spinal cord (Sc) are negative. C. Darkfleld illumination of B. D. Brightfield photomicrograph of a section
through the thoraco-lumbar region of a 30-day-old embryo. The labeled Wolffian duct is indicated (arrow). Note additional labeling of the pharyngeal
endoderm (pe) and surface ectoderm (arrowhead). Magnification, 32x. E and F. Darkfield (E) and brightfield (F) photomicrographs of the same section
as in D. 5: somite. Magnifications, 80x (E) and 320x (F). G. Section adjacent to D treated with the sense control riboprobe; no specific labeling of the
Wolffian duct (arrow) is seen. Brightfield photomicrograph. Magnification, 320X.
possibly capillary cells (Fig. 4 A, B). No significant labeling was of the medulla. Hence, the expression of the hGATA-3 gene shuts
detected in the cortical S-shaped and comma-shaped bodies off almost completely in postnatal life (data not shown).
representative of the differentiating glomeruli (Fig. 4 A).
We have looked further for the expression of the hGATA-3 Discussion
gene in the mature kidney at two months and six years after birth From the results presented here, hGATA-3 gene transcripts
and occasionally found a faint labeling in very few collecting ducts appear to mark the whole ureteric duct system throughout human
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Fig. 2. Expression of the hGATA-3 gene in the mesonephros. A—C. Section in a 6.5-week-old mesonephros comprising functional differentiated
mesonephric ducts (arrowheads) and glomeruli (gl), labeled with the hGATA-3 antisense riboprobe. A. 200X brightfield photomicrograph. B. Detail
of A showing hGATA-3 mRNA in the mesonephric duct (md). Magnification, 475x. C. Detail of the glomerulus (gl) indicated in A, showing labeled
mesangial cells. Magnification, 750x. D. 80X hrightfield photomicrograph of a section in a 7-week-old mesonephros. The gonadal primordium (G) fuses
with the mesonephros (M), which initiates regression. At that stage the mesonephric ducts are only weakly positive for the expression of hGATA-3. E.
Boxed region in D. Mesonephric ducts are indicated with arrowheads. Magnification, 160x. F. Darkfield illumination of E. All sections were treated
with the antisense riboprobe.
kidney ontogenesis, starting in the early emerging Woiffian duct at
24 days of gestation. Besides being expressed in the collecting duct
system, hGATA-3 is also transcribed in the glomeruli of both the
mesonephros and metanephros, at the level of the mesangium
that is the non-filtrative tissue of the glomerulus. Our work defines
unambiguously GATA-3 temporal and spatial gene expression in
the developing human kidney, whereas previous studies carried
out in mice reported the expression of the mGATA-3 gene to be
either restricted to the whole collecting system of the 14.5-day-old
embryonic metanephros [16] or confined to the glomerulus of the
nephron at the same stage [17].
Few data are available concerning the molecular basis of human
kidney morphogenesis but, when compared with previous obser-
vations in mice, hGATA-3 gene displays a unique pattern of
expression: whereas many other transcription factors have been
already detected in the developing mouse kidney, all patterns are
distinguishable from GATA-3 since these genes are also ex-
pressed in different nephrogenic cells of the metanephric mesen-
chyme [reviewed recently in 3, 4].
In the mesangial cells of the mature glomerulus, the hGATA-3
gene is expressed at the same time as the PDGF B chain and
PDGF-R /3 subunit [22]. The role of these molecules in kidney
morphogenesis has been proven in mutant knock-out mice in
which defects in either PDGF B chain or PDGF-R 13 receptor
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Fig. 3. Expression of the hGATA-3 gene in the metanephros. A. 80>< brightfield photomicrograph of a metanephros section from a 7-week-old embiyo.
Note the intense labeling of the metanephric collecting network when compared to that observed in the mesonephros from the same embryo (Fig. 2
D—F). The arrow points to a typical ampulla in a region where induction is in progress. B. Darkfield illumination of A. C. 30x darkfield photomierograph
of a 12-week-old metanephros section. D. Darkfield illumination in the medulla of a 16-week metanephros. Magnification, 30x. E. Detail of D that
shows the labeled collecting ducts (arrows) whereas the loops of Henle (arrowheads) originating from the metanephric blastema do not express
hGATA-3. Magnification, 320x. F. 80x darkfield photomicrograph of the medulla of a 26-week-old metanephros showing the highly persistent
expression of hGATA-3. All sections were treated with the antisense riboprobe.
result in the absence of mesangial cells within the glomerulus [23, The nature of the cell-cell signaling events that govern the
241. Like hGATA-3 and in contrast with the PDGF f3 receptor reciprocal inductions between the ureteric bud and adjacent
subunit, the PDGF B chain is down-regulated in the adult kidney metanephric mesenchyme is unclear. The use of in vitro meta-
[22, 251, which could suggest that PDGF B chain might be a direct nephros organ culture systems has suggested a role for the
target for hGATA-3. HGF/HGF-R [26, 271, IGF/IGF-R [28, 29j and f3NGF/NGF-R
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Fig. 4. Expression of the hGATA-3 gene in the metanephric glomendus. A. 160x brightfield photomicrograph of the metanephric region from a
15-week-old fetus treated with the antisense hGATA-3 riboprobe. The cortical collecting ducts (cd) are strongly labeled whereas the developing
S-shaped (arrows) and comma-shaped (arrowheads) epithelial structures are not. A hybridization signal is also visible in the differentiated glomeruli (gl).
B. Detail of a glomerulus from A; labeling is restricted to mesangial cells. Magnification, 800x. C. Glomerulus section after Masson's trichrome staining.
The darkly stained podocytes covering the filtration chamber (arrow) are recognizable from the inner lightly colored mesangial cells (arrowheads)
forming the axis of each glomerular lobule (L). Magnification, 800X. D. Glomerulus in a control section treated with the hGATA-3 sense riboprobe.
Magnification, 800x.
[30] signal transduction pathways in blastemic differentiation and
ureteric bud branching. In vivo, targeted mutation of the c-ret-
encoded tyrosine kinase receptor results in renal agenesis or
severe dysplasia [311. The observed defect might result from the
failure of the ureteric bud to respond to an inductive signal
provided by the metanephric mesenchyme since c-ret is normally
expressed early in the Woiffian duct and subsequently restricted to
the collecting ducts of the cortical nephrogenic zone [32]. Among
the wide range of nuclear factors, the expression of which has
been detected in the developing metanephros, only the role of the
WT-1 gene has been detected in targeted disruption experiments.
In the WT-1/ homozygous embryo, the metanephric blastema
fails to differentiate into epithelial structures and is unable to
respond to heterologous induction by the spinal cord. Further-
more, in that case, the ureteric bud fails to grow thus confirming
the requirement of the metanephric blastema for promoting
growth and branching of the ureteric bud [33]. In contrast, the
mesonephros differentiates almost normally in these mutants.
With respect to its early and specific expression in the human
embryonic kidney, the hGATA-3 gene product can be considered
as a unique marker of the Wolffian duct and subsequent deriva-
tives. In vivo experiments carried out in the chicken have led to
the conclusion that, like for metanephric mesenchyme, induction
of the mesonephric mesenchyme strictly depends upon the pres-
ence of the Wolifian duct [34]. The participation of GATA-3 in
the differentiation of both mesonephros and metanephros re-
mains to be addressed. Additional studies, including the identifi-
cation of target genes for GATA-3 within the mesonephric and
metanephric mesenchyme, and the production of transgenic mice
carrying a GATA-3 null mutation are needed to elucidate its role
in the development of the kidney.
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